Growth and mortality parameters, exploitation rates, annual recruitment patterns and length-weight relationships were estimated using FiSAT program from monthly length-frequency and weight samples of Indo-Pacific king mackerel, Scomberomorus guttatus, captured mainly by drift gill nets from the upper Bay of Bengal off Bangladesh coast. The aim was to estimate growth parameters, mortality rates, exploitation rate and recruitment pattern of S. guttatus for sustainable management. The von Bertalanffy growth parameters asymptotic length L∞ (cm) and growth constant K (per year) were 73.5 and 0.6, respectively. The L∞ and Z/K estimates provided by Wetherall plot were 73.3 and 2.3 cm. The annual rate of fishing mortality (F = 0.806) was low compared to the relatively high natural mortality (M = 0.994). The exploitation rate (E = 0.45) shows that the species was not over-exploited in the region. About 77.1% of S. guttatus were recruited during May-July and 23.0% during September-October. The growth performance index (φ′) was 3.5. The total length and body weight relationship was W = 0.0101 L 2.8622 suggesting that the growth rate was negative allometric (b<3). The growth parameters derived in the current study are comparable with previous estimates available for the same species. (Bangl. vet.
Introduction
Scomberomorus guttatus known as Indo-Pacific king mackerel, is one of the commonly appearing Perciforms in the coastal waters of Bangladesh. It is also distributed from the Sea of Japan (Nakamura and Nakamura, 1982) to the Gulf of Thailand and the Persian Gulf (Collette and Russo, 1979) . S. guttatus is a schoolforming tropical pelagic fish found mostly in clean coastal waters between 15 -to 200-m depth: it prefers salinity between 25 and 39 ppt. Off the Bangladesh coast, it is captured mostly by using drift gill net. Locally, it is sold fresh or frozen as well as dry.
There are commercial fisheries, although large volumes are captured mainly by artisan fishermen. It is one of the principal species in the drift gill net fishery of Bangladesh, but the catch is not identified separately. However, a trawl survey conducted by Marine Fishery Survey unit of the Government of Bangladesh revealed that S. guttatus contributed 0.2% of total catch weight, which is the highest (48.7%) among scombrid fishes captured in the survey (Khan et al, 2003; Mustafa, 2003) . To date, there is no information on the population parameters and lengthweight relationships of this species off the Bangladesh coast. However, there are reports on population parameters, fecundity, spawning and length-weight relationships of S. guttatus from the Gulf of Mannar and Palk Bay of India (Devaraj, 1981; Devaraj, 1987) , from Rameswaram Island between India and Sri Lanka (Collette and Nauen, 1983) and from the western Indonesian coast (Pauly et al., 1996) .
In the coastal waters of Bangladesh, the fishing pressure is increasing due to increase in the number of artisan fishing crafts. On the other hand, information on fishing pressure and stock position of important commercial fishes are limited. The objective of the present study was to estimate the population parameters and exploitation of S. guttatus, captured mainly by drift gill nets, to assess the stock status and sustainable management of the species in the upper Bay of Bengal near Cox's Bazar coast of Bangladesh.
Materials and Methods

Study area and sample collection
Fish samples were collected monthly from the commercial catches of fishermen, operating mainly drift gill nets, from November 1999 to October 2000. The sampling site was situated at Cox's Bazar (21.26°N, 91.59°E), southeast Bangladesh, in the Bay of Bengal. Total length (Snout to caudal fin tip) and weight data were measured to the nearest cm and g, respectively, for a total of 2366 specimens of S. guttatus. Identification of S. guttatus from other species of same genus was done according to Collette and Nauen (1983) .
Estimation of population parameters
For the estimation of population parameters, all the length-frequency data were pooled month-wise and grouped into length classes by 1 cm intervals. Data analysis were based on Electronic Length Frequency Analysis (ELEFAN I and II) computer program incorporated in FAO-ICLARM Stock Assessment Tool (Gayanilo et al., 1994) . Asymptotic length (L∞) and growth constant (K) values were estimated by ELEFAN I (Pauly and David, 1981; Saeger and Gayanilo, 1986) . Fish growth is conventionally described in fisheries works by the Von Bertalanffy growth equation and in the notation of Beverton and Holt (1956) which is expressed as : (1) Where Lt is the length at age t; L is the asymptotic length; e is the base of Napierian logarithm; K is the growth co-efficient and t0 is the theoretical age at 0 lengths.
Additional estimate of L∞ and total mortality/growth constant (Z/K) were obtained through the Powell-Wetherall Plot (Wetherall, 1986 as modified by Pauly, 1986) 
Where L is defined as the mean length, computed from L′ upward, in a given length-frequency sample while L′ is the limit of the first length class used in computing a value of L.
The growth performance of S. guttatus population in terms of length-growth was based on the φ′ index of Pauly and Munro (1984) : Where von Bertalanffy growth parameters, K and L∞, were used.
Estimates of mortality were derived from the linearised length-converted catch curve produced by the ELEFAN II routine (Pauly, 1983; Saeger and Gayanilo, 1986) . The ELEFAN II estimates the Z from catch curve based on the equation: Where, Lmean is the mean length of fish of length L′ and longer, while L′ is "some length for which all fish of that length and longer are under full exploitation." L′ is the lower limit of the corresponding length interval (Beverton and Holt, 1956 ). Where L∞ is expressed in cm, T (°C) is the mean annual habitat temperature, taken as 28°C. The estimate of fishing mortality (F) was taken by subtraction of M from Z (total mortality). An additional estimate of Z was obtained by ELEFAN II (Jones and van Zalinge, 1981) . The exploitation rate (E) was estimated from Gulland's (1971) 
equation E = F/Z = F/ (F+M).
Length-weight relationships
Total length in centimetres and total weight (calculated weight) in grams were used for estimating length-weight relationships of S. guttatus. The relationship between length and weight was described by the formula: W = a. L b , where 'a' indicates the intercept and 'b' indicates slope of the regression line.
Results and Discussion
Growth parameters
Growth parameters of von Bertalanffy growth formula were estimated as L∞ = 73.5 cm and K = 0.6 per year (Fig. 1) . For these estimates through FiSAT the response surface ("explained sum of peaks" divided by the "available sum of peaks") was 0.150, which generally ranges between 0 and 1. The t0 value was set to be 0. From the coast of South and south-west India, Devaraj (1981) reported L∞ and K values of 127.8 and 0.2, respectively, for S. guttatus (Table 1 ). In the present study the peak spawning took place during June-July (Fig. 1) . Based on gonad index and ova diameter, Devaraj (1987) reported an extended spawning period from January to August, with a peak in April-May off the south coast of India. Collette and Nauen (1983) also reported spawning of S. guttatus from April to July around Rameswaram Island between India and Sri Lanka. The above reports on the spawning season (from April to July) are in agreement with our finding of peak recruitment (May-July). The L∞ value reported by Devaraj (1981) is much higher than the value in our study, whereas the K value is much lower.
Additional estimation of asymptotic length (L∞) total mortality/growth constant (Z/K)
The modified Wetherall (1986) plot analysis incorporated in the FiSAT (Wetherall, 1986) yielded the regression line of Y = 22.12 + (-0.302)* × and r = 0.981. The corresponding estimates of L∞ and Z/K for S. guttatus are 73.30 cm and 2.313, respectively (Fig. 2) . This additional estimate of L∞ is similar to previous L∞ estimate through the von Bertalanffy growth formula. The estimation of L∞ and K added a new observation of Pauly and Munro's (1984) Phi-prime index (φ′) for S. guttatus was 3.5. In a study from the south coast of India, Devaraj (1981) reported φ′ value of 3.5 for S. guttatus, which is very close to the finding of the present study. 1967 -1969 Devaraj, 1981 L∞, asymptotic length (cm); K, growth constant (per year); M, natural mortality; F, fishing mortality; Z, total mortality; E, exploitation rate; b, allometric coefficient 
Mortality and exploitation rate
The three different mortality rates M, F and Z are summarized in Table 1 . Figure  3 presents the catch curve utilized in the estimation of Z. The darkened circles in the figure represent length groups that are fully recruited into the fishery and the points used in calculation of Z via least squares linear regression. The correlation co-efficient for the regression was 0.851851 for S. guttatus. In the current study, the fishing mortality (F) is lower than natural mortality (M). The exploitation rate (E) estimated from Gulland's (1971) equation, E = F/F + M. Thus from this range of values of F and Z it can be shown that the rate of exploitation is 0.45. It appears that the stock of S. guttatus is not over-exploited. This assumption is based on Gulland (1971) , who stated that suitable yield is optimized when F = M, and when E > 0.5 the stock is generally supposed to be over fished.
In agreement with the low F value, our study revealed that S. guttatus obtained from drift gill net catches of upper Bay of Bengal were not over-exploited. However, we did not find any report on the mortality parameters of this species from the Bay of Bengal or from any other locality.
Recruitment pattern
Recruitment pattern (Fig. 4) from length-frequency data is correlated with the length of spawning season and growth co-efficient (K). Recruitment pattern suggested two uneven seasonal pulses in May-July (peak recruitment) and OctoberNovember (lean recruitment). It appears from original pattern of recruitment with superimposed normal distribution that this species is recruited 71.7% during peak recruitment and 28.3% during lean recruitment. Figure 5 shows the yield-per-recruit isopleths diagram of the various length at entry for S. guttatus into the fishery based on different values of E and a constant value of M = 0.994. The discontinued curves indicate the range which produced the maximum yield-per-recruit. The maximum value of relative yield-per-recruit at the meeting point of the eumetric yield curve with the maximum sustainable yield (MSY) curve at E = 0.5 and Lc = 40.3 cm was so-called potential yield-per-recruit. Hence, the value of Lc = 40.3 cm should be considered as the size of exploitation at which the biomass (standing stock) attains its maximum size.
Length-weight relationships
Total length and body weight ranged from 25 to 70 cm and 120 to 2050g, respectively. From the regression analysis of the length and weight data, the relationship was found to be W = 0.0101 LL 2.8622 (Fig. 6) . The value of the allometric coefficient (b = 2.8622) in this study was less than 3, indicating that the fishes increased in weight a power lesser than the cube of length i.e., their growth was negative allometric (Table 1) . Devaraj (1981) also reported a negative allometric growth rate of S. guttatus (b = 2.86) from South and south-west India, which is in agreement with our study. On the other hand, Pauly et al. (1996) report on b value (b = 3.002) for S. guttatus from western Indonesian coast was almost isometric.
Conclusions
This is the first ever study on the population parameter and length-weight relationships of S. guttatus sampled from the commercial catches of drift gill nets in the upper Bay of Bengal off Bangladesh coast. The growth and mortality parameters provide an important guideline for fisheries management of this species. However, detailed studies on maturity, reproduction, yield-per-recruit and biomass-per-recruit are needed for proper management of fishery stock of this commercially important fish species.
